INTRODUCTION {#sec1-1}
============

The diffuse large B-cell lymphoma (DLBCL) is the most common type of B-cell lymphoma in adults with an increasing prevalence among the different age groups in both genders. The disease exhibits a heterogeneity in gene expression profiles and clinical outcomes.\[[@ref1][@ref2]\] It can be classified into two molecular subgroups that are histologically indistinguishable (the germinal center B-cell-like (GCB) subgroup and the activated B-cell-like subgroup or \[non-GCB\]). These subgroups are different in pathogenesis, prognosis, and response to treatment.\[[@ref3][@ref4]\] The International Prognostic Index (IPI) has been the basis for determining prognosis among DLBCL patients. The IPI could identify the high-risk patients. The IPI is based on the five clinical characteristics including age, serum lactate dehydrogenase (sLDH), the number of extranodal sites, stage, and the Eastern Cooperative Oncology Group performance status.\[[@ref5]\] The LDH level increases significantly in non-Hodgkin lymphoma patients. Therefore, elevated LDH level establishes the prognostic significance for both indolent and aggressive lymphomas at the time of diagnosis. The statistical analysis shows that patients with low LDH level have longer survival rate than the patients with high LDH level. High LDH level at the time of lymphoma diagnosis reveals increased tumor bulk.\[[@ref6][@ref7][@ref8]\] In addition to the IPI, it is necessary to explore new prognostic tools such as miRNAs to improve the model\'s discrimination. The R-CHOP, a DLBCL treatment regimen, consists of rituximab, and cyclophosphamide, hydroxydaunorubicin, oncovine and prednisone. However, patients with DLBCL have variable responses to therapy with R-CHOP. Approximately, one-third of DLBCL patients experience a relapse and even develop resistant to treatment.\[[@ref9][@ref10][@ref11]\]

MicroRNAs (miRNAs) are small endogenous molecules that regulate the expression of genes in the posttranscriptional level by binding to the mRNA target. Many microRNAs such as miR-146a contribute to complex molecular mechanisms involved in controlling cell growth, differentiation, and survival. The changes in miRNAs levels might lead to cancer development or cancer progression. Therefore, miRNAs are considered as targets for the new treatments or suitable research candidates.\[[@ref12][@ref13]\]

Recent studies have shown that miR-146a is the modulator of innate and acquired immune responses.\[[@ref14][@ref15]\] miR-146a expression levels are associated with a wide range of nonhematologic and hematologic malignancies. In addition to the expression, level of miR-146a is not coincident among hematopoietic malignancies.\[[@ref16][@ref17][@ref18]\]

Some studies show that miR-146a functions as a tumor suppressor having strong prognostic in natural killer (NK)/T-cell lymphoma. As well, the low miR-146a expression is significantly associated with resistance to chemotherapy in patients with NK/T lymphoma. On the other hand, other studies indicate that the expression level of miR-146a is the difference between lymph nodes and the tissue of patients with DLBCL. They suggest that miR-146a could be a potential diagnostic tool in patients with DLBCL.\[[@ref15][@ref19][@ref20][@ref21][@ref22]\]

Another study shows that miR-146b has an inhibitory effect on DLBCL cell proliferation. Therefore, the low miR-146b expression may be a useful biomarker to predict response to the CHOP regimen in patients with DLBCLs.\[[@ref23]\]

Recently, it has been revealed that many types of cells release microvesicles in biological fluids, such as urine, serum, or breast milk. The microvesicles contribute to physiological and pathological processes either locally or remotely.\[[@ref24]\] Exosomes (30--150 nm) are active biological nanovesicles that participate in a wide range of biological functions including intercellular communication, delivery of protein and genetic materials (miRNAs, RNA, and DNA), immune stimulation or immune suppression, tumor escape from the immune system, and the relationship between tumor cells.\[[@ref25][@ref26]\]

The blood collection is less invasive than bone marrow aspiration. Therefore, analysis of circulating miRNAs (exosomal miRNAs and free circulating miRNA) in the peripheral blood circulation can be the indicator for the diagnosis, prognosis, frequent follow-up, and relapse.\[[@ref27]\] The exosomal miRNAs are secreted by an active process, while free circulating miRNA is generated by cell death (apoptosis or necrosis). Thus, exosomal miRNAs seem to be the more useful biomarker than free circulating miRNA.\[[@ref28]\]

We isolated and confirmed pure exosomal fractions from plasma specimens. As well, we compared the expression level of miR-146a in plasma-derived exosomes of responsive or refractory patients with DLBCL, patients receiving R-CHOP, and healthy donors. In fact, the difference in the expression level of exosomal miR-146a among responsive or refractory patients with DLBCL and DLBCL patients receiving R-CHOP therapy might be useful to monitor treatment response or prediction of relapse in the future. In addition, we examined the association of exosomal miR-146a level with some clinical and histopathological features of the patients with DLBCL.

MATERIALS AND METHODS {#sec1-2}
=====================

Study patients with diffuse large B-cell lymphoma {#sec2-1}
-------------------------------------------------

Patients were consecutively selected from the Cancer Referral Centers in Isfahan, Iran. Plasma samples were obtained from patients with DLBCL and healthy donors. Clinical and laboratory data were obtained from medical records and included demographic data, presence of B symptoms (fever, night sweats, and weight loss), hematological and biochemical parameters (blood cell counts, hemoglobin/hematocrit, and sLDH), number of extranodal involved sites, palpable splenomegaly or hepatomegaly and Stage, the IPI and response to treatment. The DLBCL patients were classified into three groups based on R-CHOP therapy: patients receiving R-CHOP therapy were receiving 4 or 5 cycles of R-CHOP therapy (*n* = 15); The responsive patients who have achieved complete remission (CR) after 6--12 months of R-CHOP therapy (responsive patient, *n* = 17); and the refractory patients who had failed to 6 cycles of first-line treatment (R-CHOP) (*n* = 16). The responsive patients and refractory patients did not receive any chemotherapy during the sampling period. Then, the three patient groups were compared with healthy donors (*n* = 6). A written informed consent was taken from all participants. This study was approved by the Applied Physiology Research Center of Isfahan University Of Medical Sciences (the registration number: 295220). [Table 1](#T1){ref-type="table"} shows the characteristics of the patients included in the study.

###### 

Characteristics of patients with diffuse large B-cell lymphoma and healthy donors

  Characteristic      Responsive patients   Refractory patients   Patients receiving RCHOP   Healthy donors   *P* value (Chi-Square test)
  ------------------- --------------------- --------------------- -------------------------- ---------------- -----------------------------
  Age=\> *P*=0.36     49.59±15.48           46.3±11.07            48.25±9.56                 38.33±4.45       
  *n*                 17                    16                    15                         6                
  Sex=\> *P*=0.43                                                                                             
   Female             7 (41.2)              11 (68.8)             5 (33.3)                   3 (50)           
   Male               10 (58.8)             5 (31.3)              10 (66.7)                  3 (50)           
  LDH=\> *P*=0.001                                                                                            
   High               4 (23.53)             10 (62.5)             5 (26.66)                                   *χ*^2^
   IPI=\> *P*=0.003   0-2                   3-5                   0-2                                         

*n*=Number of people; LDH=Lactate dehydrogenase; IPI=International Prognostic Index; SD=Standard deviation; RCHOP = Rituximab, and cyclophosphamide, hydroxydaunorubicin, oncovine and prednisone

Preparation of plasma samples and exosome isolation from plasma {#sec2-2}
---------------------------------------------------------------

Blood was drawn into ethylenediaminetetraacetic acid-containing tubes (5 ml). Plasma was isolated using centrifugation at 300 g for 10 min and further spun down at 2000 g for 20 min to remove dead cells and cell debris. Then, plasma was harvested, immediately aliquoted, and banked in −80°C until future use.

Plasma was centrifuged for 20 min at 2000 ×g, 4°C. The resulting supernatant was further centrifuged at 16000 ×g, 4°C for 30 min. The supernatant was filtered through a 0.22-μm filter. Then, exosomes were isolated using the ExoSpin Exosome Purification Kit (Cell Guidance Systems, USA) according to the manufacturer\'s instructions. Finally, the exosomes were stored at −80°C.

Transmission electron microscopy {#sec2-3}
--------------------------------

The exosomal fractions were investigated by transmission electron microscopy (TEM). The exosomal fraction fixed with 2% paraformaldehyde was loaded on formvar/carbon-coated copper mesh grids. Then, grids were stained with uranyl acetate as a contrasting agent. Finally, samples were imaged using an FEI/Philips TEM 208S microscope (Eindhoven, The Netherlands) operating at an accelerating voltage of 100 KV.

Size determination {#sec2-4}
------------------

Size of exosomes was measured by a Zetasizer (Malvern Zen 3600 Instruments, UK) according to the manufacturer\'s instructions. Samples were diluted 1:50 in phosphate-buffered saline.

Analysis of plasma exosome-associated protein {#sec2-5}
---------------------------------------------

### Dot blot {#sec3-1}

Dot blot was used to detect exosomal marker (CD63, the transmembrane tetraspanin proteins) in the fraction containing lysed exosomes. The exosomal fractions were dropped into nitrocellulose (NC) membranes. The membranes were blocked with 5% nonfat dry milk and washed in Tris-buffered saline with 0.1% tween-20 buffer and probed with anti-CD63 antibodies (rabbit immunoglobulin G \[IgG\], System Biosciences, California). In the end, membranes were incubated with the horseradish peroxidase (HRP)-conjugated secondary antibody (goat antirabbit HRP IgG, System Biosciences, California). The blot was developed using 3,3'-diaminobenzidine (DAB) substrate.

### Western blot {#sec3-2}

The exosomal fraction was lysed with 1× radioimmuno precipitation assay (RIPA; CMG, Iran) containing protease inhibitor (SIGMAFAST ™, USA) on ice. The protein concentration was determined using the Bradford method. Lysed exosomes were separated by electrophoresis in a 12% acrylamide sodium dodecyl sulfate (SDS) gel and then were transferred to NC membrane (BioRad, Hercules, and CA). The exosomal marker was visualized using primary antibodies (anti-CD63 antibody \[rabbit IgG, System Biosciences, California\] and anti-Histone H3 as a negative control \[rabbit polyclonal, Bio-Legend, San Diego, CA\]) and secondary antibody (goat antirabbit HRP IgG, System Biosciences, California). The blots stained with DAB as the chromogenic substrate in colorimetric detection.

Extraction of total RNA from plasma/plasma-derived exosomes and cDNA synthesis {#sec2-6}
------------------------------------------------------------------------------

Total RNA was extracted from plasma and plasma-derived exosomes of DLBCL patients using a miRCURY™ Exosome Isolation Kit (Exiqon, Denmark), according to the manufacturer\'s protocol. Total RNA was measured using a Nanodrop (ACTGene ASP-3700, USA) instrument. The quality of total RNA was confirmed by the 28S/18S rRNA ratio after running samples on 2% agarose gel. All steps performed under RNase-free conditions. cDNA was synthesized using the Universal cDNA Synthesis Kit II, 8--64 rxns (Exiqon, Denmark). The RNA samples were adjusted to 5 ng/μl per cDNA reaction and incubated for 60 min at 42°C followed by heat inactivation of the reverse transcriptase for 5 min at 95°C. Immediately cool to 4°C. If the RNA samples were not used immediately, they were stored at −80°C. The cDNA was diluted 1:4 with RNase-free water before quantification by real-time polymerase chain reaction (RT-PCR).

Real-time quantitative real-time polymerase chain reaction {#sec2-7}
----------------------------------------------------------

RT-PCR was performed by the 2X RT-PCR Master Mix (BioFACT™, High ROX, Korea) with predesigned primers (LNA™ Primer mix, Exiqon, Denmark) for hsa-miR-146a, RNU5G (reference gene for plasma), and miR-103 (reference gene for exosomes). The RT-PCR reactions were carried out using a StepOnePlus™ quantitative RT-PCR detection system (Applied Biosystems, Foster City, California, USA, 48-well plates) under the following conditions: an initial denaturation at 95°C for 15 min, followed by 45 cycles of denaturation at 95°C for 20 s, and annealing and extension at 60°C for 20 s and 72°C for 20 s. The specificity and identity of the PCR products were verified by melting curve analysis after the last amplification cycle. To ensure the reproducibility and fidelity of the results, all samples were run in duplicate. The threshold cycle determination was generated automatically by the StepOnePlus™ quantitative RT-PCR detection system (Applied Biosystems, Foster City, California, USA, 48-well plates). The ΔCt was calculated by subtracting the Ct of the target gene (miR-146a) from the Ct of reference gene (RNU5G (plasma) or miR-103 (exosome)). Finally, ΔCt means were compared between the groups.

Statistical analyses {#sec2-8}
--------------------

Data were analyzed using software IBM SPSS Statistics version 21 (Armonk, New York City, U.S.A) and expressed as mean ± standard deviation. The data were normally distributed (Shapiro--Wilk normality test, *P* \> 0.05). Therefore, we used the Chi-square, unpaired two-tailed Student\'s *t*-test, and analysis of variance (one-way ANOVA) to compare groups. The values of \<0.05 (*P* \< 0.05) were considered to be statistically significant. The bivariate analysis was used to find out if there is a correlation between the exosomal miR-146 level and clinical and histopathological parameters.

RESULTS {#sec1-3}
=======

A cross-sectional study was conducted including 48 patients with DLBCL. The median age of all patients was 54 years (range: 30--69 years). Most of the patients with non-GCB DLBCL were enrolled in the current study. The patients' demographic characteristics were presented in [Table 1](#T1){ref-type="table"}. Immunohistochemical markers (CD10, BCL6, or BCL2) are commonly deregulated in DLBCL patients. These markers and clinical and histopathological parameters such as the IPI score and LDH level have the prognostic impact in the disease.\[[@ref29]\] Therefore, we investigated the correlation between the expression level of miR-146 with IPI score and LDH level. The expression level of miR-146 was not correlated with the immunohistochemical makers and clinical and histopathological parameters. The DLBCL patients were divided into two groups according to IPI scores: low-risk group (0--2) or high-risk group (3--5). Refractory patients had high-risk disease according to the IPI score.

Characteristics of plasma-derived exosomes {#sec2-9}
------------------------------------------

The exosome-enriched fractions were prepared using ExoSpin Kit. Scanning electron microscopic examination of exosomal fractions showed spherical structures with the different sizes between 50 and 150 nm \[[Figure 1a](#F1){ref-type="fig"}\]. The size measurement was conducted using a Zetasizer and the Z-average size of exosome was 48.34 nm \[[Figure 1b](#F1){ref-type="fig"}\]. Furthermore, dot blot \[[Figure 1d](#F1){ref-type="fig"}\] and Western blot analysis confirmed the presence of CD63 at the exosomes \[Figure [1c](#F1){ref-type="fig"} and [e](#F1){ref-type="fig"}\].

![Confirmation of the fractions containing exosomes. (a) transmission electron microscopy image of exosome shows spherical morphology. Scale 100 nm. (b) Size distribution analysis of exosomes by Malvern Zetasizer. The particle-size distribution revealed that the average particle size was 48.34 nm. (c) Separation of exosomal proteins on 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Fifty micrograms of exosomes lysate were run on 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and stained by Coomassie Blue. CD63 On exosomes were confirmed by (d) Dot blot and (e) Western blot. The presence of canonical exosome protein (CD63) demonstrated a pure exosome preparation. The left panel shows the molecular weight markers](JRMS-24-10-g001){#F1}

The expression level of miR-146 in plasma-derived exosomes and plasma {#sec2-10}
---------------------------------------------------------------------

Total RNA was extracted from plasma and plasma-derived exosomes. The RNA yield from each sample ranged from 5 to 15 ng (Nanodrop instrument). The Ct value was above 33 cycles and considered as the threshold for reliable detection of miRNAs. There was no significant difference in the expression level of exosomal miR-146 between the refractory patients compared to responsive patients and patients receiving R-CHOP (*P* = 0.48, ANOVA test). Data have been shown in [Table 2](#T2){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}. As well, the expression level of exosomal miR-146a was not significantly upregulated in DLBCL patients relative to the healthy donors (*P* = 0.3, *t*-test).

###### 

Comparison of the expression level of exosomal miR-146 between three groups of diffuse large B-cell lymphoma patients and healthy donors

  Groups                      −ΔCT (mean±SD)   *P* (ANOVA test)
  --------------------------- ---------------- ------------------
  Responsive patients         1.9±4.5          0.48
  Refractory patients         1.2±7.07         
  Patients receiving R-CHOP   0.14±4.92        
  Healthy donors              −0.86±1.66       

Relative exosomal miR-146 expression was evaluated in responsive patients, refractory/relapsed patients, patients receiving R-CHOP and also healthy donors. CT=Threshold cycle; R-CHOP=Rituximab, cyclophosphamide, hydroxydaunorubicin, oncovine and prednisone; SD=Standard deviation; ANOVA=Analysis of variance

![Box plot diagrams show the expression levels of hsa-miR-146a in the plasma-derived exosomes of responsive DLBCL patients (*n*=17), refractory DLBCL patients (*n*=16), the patients receiving R- CHOP (*n*=15) and healthy donors (*n*=6). Expression levels of selected exosomal has-miR-146a were normalized to hsa-miR-103. The line within the boxes indicates the median expression level. There was no significant difference in groups (*P* = 0.48, ANOVA test)](JRMS-24-10-g002){#F2}

Furthermore, we addressed the question if there was a potential benefit in using exosomal fraction over whole plasma to detect circulating miR-146. Therefore, we collected plasma samples from 22 patients with DLBCL to compare the expression level of exosomal miR-146 relative to the expression level of plasma miR-146. As shown in [Figure 3](#F3){ref-type="fig"}, the expression level of exosomal miR-146 was higher than the expression level of plasma miR-146 (*P* = 0.01, *t*-test).

![Comparison of expression level of miR-146 in the plasma and plasma-derived exosomes of patients with diffuse large B-cell lymphoma. RNU5G and miR-103 were used as the internal reference to normalize the threshold cycle value of miR-146 in plasma and plasma-derived exosomes, respectively. The results show the distribution of level of miR-146 in plasma relative to exosomes by Boxplot. The expression level of plasma miR-146 was lower than the expression level of exosomal miR-146. The expression level of miR-146 in exosomes was more than plasma (\**P*=0.01, *t*-test)](JRMS-24-10-g003){#F3}

DISCUSSION {#sec1-4}
==========

miRNA is considered as an important biomarker for the prognosis, prediction of treatment outcomes, and relapse-free survival, especially in hematological malignancies. miRNA is present in all biological fluids such as plasma. They are circulating freely or are encapsulated in exosomes.\[[@ref30]\]

In the current study, exosomes were isolated from plasma of responsive or refractory patients with DLBCL, patients receiving R-CHOP, and healthy donors. We showed exosomes were spherical nanovesicles, ranging from 30 to 150 nm in diameter. As well, the protein composition of plasma vesicles was in agreement with their exosomal origin.

Some studies have shown that the expression levels of miR-146a and miR-146b were upregulated in the DLBCL patients compared to the patients with Burkitt lymphoma.\[[@ref20][@ref31][@ref32]\] Zhuang *et al*. showed that miR-146a level was significantly higher in patients with DLBCL than healthy donors. They suggested that miR-146a could play an important role in the pathogenesis of DLBCL disease.\[[@ref33]\] Caramuta *et al*. compared directly the *de novo* and transformed DLBCL using significance analysis of microarrays analysis. The analysis showed increased expression of miR-146a in *de novo* compared with transformed DLBCL. Results from the microarray and RT-quantitative PCR indicated that miR-146a could discriminate GCB from non-GCB cases. The founding revealed the significant overexpression of miR-146a in the non-GCB group.\[[@ref34]\] Zhong *et al*. investigated the expression level of miR-146a in the formalin-fixed paraffin-embedded biopsies from DLBCL patients and demonstrated that the low expression of miR-146a could be associated with CR rate and overall response rate.\[[@ref35]\] Contradictory, our results showed that there was no significant difference in exosomal miR-146a expression among refractory patients with DLBCL, responsive patients with DLBCL, and DLBCL patients receiving R-CHOP. As well, we did not observe the significant difference in exosomal miR-146a expression between patients with DLBCL and healthy donors. This is likely to be due to the small samples size that we could not find any significant differences between our groups.

In contrast to our study, Zhong *et al*. demonstrated that the expression level of miR-146a was associated with LDH level and IPI in the *de novo* DLBCL patients. However, we could not find any significant correlation between the expression level of miR-146a and both LDH level and IPI in the DLBCL patients.\[[@ref35]\]

Gallo *et al*. compared miRNAs levels in serum and serum-derived exosomes. They showed that the exosomal fraction increases the sensitivity of miRNA detection in biological fluids, and these differences may be much higher for some miRNAs.\[[@ref36]\] Our results showed that the expression level of exosomal miR-146a was higher than the expression level of plasma miR-146a. miR-146a seems to have accumulated in the exosomes. However, analysis of miRNA expression as validated biomarkers of the disease strongly depends on the size of cohorts/sets of samples analyzed.

CONCLUSION {#sec1-5}
==========

It appears that morphologically intact exosomes can be successfully purified from plasma.

The measurement of exosomal miRNAs obtained from biological fluids constitutes a noninvasive approach for the diagnosis, prediction of response to treatment and risk to relapse, and also prognosis of cancer.

The exosome-encapsulated microRNAs seem to have less variation than circulating miRNA. Therefore, the evaluation of exosomal microRNAs instead of plasma microRNAs could reduce the probability of false-negative or positive results.\[[@ref36]\]

Our data suggest that exosomal miR-146a might be diagnostic tools and prognostic indicators for DLBCL patients. However, we could not find any significant differences. Additional studies, including the evaluation of miR-146a expression in a large number of DLBCL patients, are required to clarify the role of miR-146a as a prognostic and diagnostic biomarker.
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